Abstract. Aflibercept and ranibizumab are novel drugs for effectively treating wet age-associated macular degeneration (AMD). In the present study, the effect of aflibercept and ranibizumab on wet AMD was compared. A total of 80 AMD patients were intravitreously treated with aflibercept (2.0 mg/dose, 40 participants) or ranibizumab (0.3 mg/dose, 40 participants). The mean visual acuity and central subfield thickness (CTS) were determined at baseline and each follow-up visit (every 4 weeks). ELISA was used to detect the expression of transforming growth factor-β1 (TGF-β1), monocyte chemoattractant protein 1 (MCP-1) and interleukin 6 (IL-6). The primary outcome was the mean change in visual acuity letter score (VAS) and CTS at 1 year. The VAS was markedly improved by 13.1 in the aflibercept group and by 11.0 in the ranibizumab group. In a subgroup of patients with an initial VAS of <69, the mean improvement in the VAS was 17.7 in the aflibercept group and 13.2 in the ranibizumab group (P<0.01). The mean CTS was markedly decreased by 141 in the aflibercept group and by 134 in the ranibizumab group. In the subgroup of patients with an initial VAS of <69, the mean CTS was decreased by 171 in the aflibercept group and by 154 in the ranibizumab group (P<0.01). However, the change of VAS and CTS was similar between the ranibizumab and aflibercept groups when the initial VAS was ≥69. No significant differences in serious adverse events were identified between the aflibercept and ranibizumab groups. The levels of TGF-β1, IL-6 and MCP-1 were decreased by the aflibercept and ranibizumab treatments. The decrease in the levels of the inflammatory factors was more obvious in patients with an initial VAS of <69 in comparison with that in patients with an initial VAS of ≥69. Negative correlations between the levels of TGF-β1, MCP-1 and IL-6 and the mean change of VAS when patients were treated with aflibercept or ranibizumab were identified among all ages. Positive correlations between the levels of TGF-β1, MCP-1 and IL-6 and the mean change of CTS were observed when the initial VAS of the patients was <69. In conclusion, the efficacy of aflibercept in treating patients with AMD was better than that of ranibizumab when the initial VAS of the patients was <69. The inhibition of inflammatory factors may be a secondary effect of aflibercept and ranibizumab treatment. The present study provides a useful reference for the clinical treatment of wet AMD (Chinese Clinical Trial Registry no. ChiCTR1800017782).
Introduction
Age-associated macular degeneration (AMD) is one of the most important causes of blindness in individuals aged >50 years worldwide. The incidence of AMD has been rapidly increasing in recent years (1) . The prevalent lesion of AMD is an irreversible vision loss caused by retrogression of retinal pigment epithelium (RPE) and neural retina (2) . AMD is classified into dry AMD (geographic atrophy) and wet AMD (exudative). Dry AMD is characterized by drusen accumulation around RPE and retrogression of the RPE, while wet AMD is characterized by choroidal neovascularization (CNV) and results in severe vision loss. As CNV is a major cause of severe vision loss (3, 4) , therapeutic strategies for AMD focus on reversing neovascularization; they include photodymatic therapy and anti-angiogenic drugs (5) .
AMD-associated pathways and factors that stimulate CNV remain to be fully elucidated. However, vascular endothelial growth factor A (VEGF-A), a cytokine that promotes angiogenesis and vascular permeability, is one of the most important factors that promotes neovascularization (6) . Active forms of VEGF-A have been identified in CNV (7) (8) (9) . Anti-VEGF therapies are now becoming the focus of AMD treatment (7) . Aflibercept and ranibizumab, two recombinant humanized monoclonal antibodies that inactivate VEGF-A, are novel therapies that help numerous AMD patients gain a sustainable vision (8) . They were respectively approved in 2006 and 2011 by the US Food and Drug Administration for use in treating wet AMD (9, 10) . The clinical implementation of such drugs, which directly inhibit VEGF activity, may offer affected patients hope for improving their vision.
Role of inflammatory factors in the effects of aflibercept or ranibizumab treatment for alleviating wet age-associated macular degeneration
Chronic inflammation may induce AMD by stimulating the formation of an abnormal vessel structure. Hemamoeba was discovered in choroiditis in the eyes of AMD patients (7) . It was identified that auto-antibodies to attack vitreous bodies, retinal pigment epithelium and retinal tissue in AMD patients (11) . Lymphocytes and macrophages secrete an increased amount of inflammatory factors in subjects with AMD (12) . Certain inflammatory factors, including transforming growth factor-β1 (TGF-β1), monocyte chemoattractant protein 1 (MCP-1) and interleukin 6 (IL-6), were reported to be closely associated with the angiogenesis occurring as part of the pathogenesis of AMD (11, 13) . Regarding drugs for AMD, investigating the correlation between inflammatory factors and drug treatment effects in clinical studies may help to further assess their efficiency.
The present study aimed to compare the treatment outcome of aflibercept and ranibizumab in patients with wet AMD by evaluating their visual acuity letter score (VAS) and measuring central subfield thickness (CST). In addition, the possible correlation between inflammatory factors and the treatment efficacy of aflibercept and ranibizumab was investigated. The present study provides a reference for the clinical treatment of wet AMD.
Materials and methods

Patients and aqueous humor collection.
A total of 80 patients with wet AMD (mean age, 57±10 years) who presented at Ningbo No. 6 Hospital (Ningbo, China) between May 2016 and November 2017 were recruited for the present study. The patients enrolled all had primary or recurrent CNV associated with wet AMD. None of the patients included had received any anti-VEGF treatment for one year prior to the study commencing. Subjects with hyperlipidaemia, hypertension, diabetes mellitus, heart failure and renal failure were excluded. The collection of aqueous humor samples was in accordance with the procedures approved by the institutional review board of the independent ethics committee of Ningbo No. 6 Hospital (Ningbo, China) and following a standard sterilization procedure. After topical anesthesia with 0.4% oxybuprocaine hydrochloride eye drops (Eisai Co., Ltd., Tokyo, Japan), 100 µl of aqueous humor was withdrawn with a tuberculin syringe (30-gauge needle) at the corneal limbus and was immediately stored at -80˚C.
Treatment.
A total of 40 patients with wet AMD were intravitreously injected with aflibercept (Eylea; Regeneron Pharmaceuticals, Eastview, NY, USA) at a dose of 2.0 mg, and the other 40 patients with wet AMD were intravitreously injected with 0.3 mg ranibizumab in a dose of 0.5 mg (LUCENTIS™; Genentech Inc., San Francisco, CA, USA) every 4 weeks (±1 week) for 1 year. If two eyes were available in one patient, the eye with the better visual acuity was chosen to be treated, unless the clinician considered the other eye more appropriate for certain medical reasons (14) .
Observations. The VAS (ranging from 0 to 100) and CST were monitored every 4 weeks (±1 week) during the one-year treatment period. The VAS was measured based on using the Electronic Early Treatment of Diabetic Retinopathy Study Visual Acuity Test (15) . A VAS of <69 was equivalent to 20/50 or worse according to a previous study (16) , and thus, 69 was selected as the cut-off point for the initial VAS. The CST was measured using a Cirrus™ SD-OCT (Zeiss AG, Oberkochen, Germany) with best-corrected visual acuity. The higher VAS and lower CST correlated with better visual acuities. An increase in the VAS by 5 or a decrease in CST by 10% (~1 Snellen line) was considered to indicate an improvement in visual acuity. After 6 months, the treatment would be terminated if the VAS or CST was not improved or even deteriorated after 2 successive injections, or when the visual acuity was better than 20/20. All cases with adverse events were recorded and monitored.
ELISA. The quantities of TGF-β1, IL-6 and MCP-1 in aqueous humor samples collected from the patients at baseline and the follow-up time-points were determined using ELISA kits (R&D Systems, Minneapolis, MN, USA) following the manufacturer's protocols, including Human TGF-beta 1 Quantikine ELISA kit (cat. no. SB100B), Human IL-6 Quantikine ELISA kit (cat. no. S6050) and Human CCL2/MCP-1 Quantikine ELISA kit (cat. no. SCP00). Finally, the optical density values were read at 450 nm by using Multiskan FC microplate photometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The quantities of the analytes were determined by using a standard curve.
Statistical analysis. The mean changes of VAS and CST were calculated and compared among the different treatment groups. All results are expressed as the mean ± standard deviation. Statistical analysis was performed using the SPSS 22.0 statistical package (IBM Corp., Armonk, NY, USA) and GraphPad Prism 6.0 (GraphPad Inc., La Jolla, CA, USA). The Chi-squared test was used to compare categorical variables. Spearman's correlation analysis was used to evaluate the correlation among numerical data. One-way analysis of variance followed by Dunnett's test was used to compare differences among groups. P<0.05 was considered to indicate a statistically significant difference.
Results
Patients and treatments.
The 80 patients with wet AMD were randomly assigned into two groups that were respectively injected with aflibercept or ranibizumab intravitreously. The clinical characteristics of the patients are displayed in Table I . At baseline, the characteristics in the two groups were similar. When the initial VAS was ≥69, the median number of injections was 10 in each group (data not shown). However, when the initial VAS was <69, the median number of injections was 11 in each group (data not shown). These differences were not significant.
Effect of aflibercept or ranibizumab on VAS.
The mean VAS improved significantly during the one-year treatment period, with an overall increase by 13.1 in the aflibercept group and by 11.0 in the ranibizumab group. As presented in Fig. 1A , the improvement of VAS in the aflibercept group was significantly higher than that in the ranibizumab group. The extent of improvement of the VAS varied depending on the initial visual acuity. When the initial VAS was <69 (Snellen equivalent, 20/50), the mean improvement in VAS was 17.7 in the aflibercept group and 13.2 in the ranibizumab group (P<0.01; Table II) , with a significant difference between the groups. When the initial VAS was ≥69, the mean improvement in VAS was 9.3 in the aflibercept group and 8.5 in the ranibizumab group, with no significant difference between the groups. As presented in Fig. 1B , the mean improvement of VAS after drug injection was higher when the initial VAS of the patients was <69 (Snellen equivalent, 20/50) compared with that in the subgroups with an initial VAS of ≥69. In addition, when the initial VAS was <69 (18 eyes for those who were treated with aflibercept and 21 eyes for those who were treated with ranibizumab), the number of eyes with a VAS improvement of ≥15 was 61.1% (11/18) for patients who received aflibercept and 28.5% (6/21) for patients who received ranibizumab, and a significant difference was identified (P<0.05). Furthermore, the number of eyes with a VAS improvement of 10-15 was 27.8% (5/18) for patients who received aflibercept and 52.4% (11/21) for patients who received ranibizumab, and no significant difference was observed. When the initial VAS was ≥69 (22 eyes treated with aflibercept and 19 eyes treated with ranibizumab), the number of eyes with an improvement in the VAS by ≥15 was 31.8% (7/22) for patients using aflibercept and 21.1% (4/19) for patients using ranibizumab, and no significant difference was identified. Furthermore, the number of eyes with an improvement in the VAS by 10-15 was 59.1% (13/22) for those using aflibercept and 63.2% (12/19) for those using ranibizumab, and no significant difference was observed.
Effect of aflibercept or ranibizumab on CST. The mean CST decreased significantly within one year of treatment. In the aflibercept group, the CST was decreased by 140 µm and in the ranibizumab group by 134 µm. As presented in Fig. 2A , the decrease in CST in the aflibercept group was larger than that in the ranibizumab group. The reduction in CST was dependent on the initial VAS, as presented in Fig. 2B . When the initial VAS was <69, the mean decline was 171 µm in the aflibercept group and 154 µm in the ranibizumab group, and a significant difference was identified. When the initial VAS was ≥69, the decline in the CST was 113 µm in the aflibercept group and 112 µm in the ranibizumab group, with no significant inter-group difference (Table III) . The mean decline in CST after drug injection was obvious when the initial VAS of the patients was <69 in comparison with that in the subgroup with an initial VAS of ≥69 (Fig. 2B) . When the initial VAS was <69 (18 eyes in the aflibercept subgroup and 21 in the ranibizumab subgroup), the number of eyes with a CST of <250 µm after 1 year was 61.1% (11/18) for those treated with aflibercept and 38.1% (8/21) for those treated with ranibizumab. When the initial VAS was ≥69 (22 eyes in the aflibercept subgroup and 19 in the ranibizumab subgroup), the number of eyes with a CST of <250 µm after 1 year was 54.5% (12/22) for those treated with aflibercept and 42.1% (8/19) for those who received ranibizumab, and no significant difference was identified. Values are expressed as n (%) or mean ± standard deviation.
Safety evaluation. The occurrence of adverse events is listed in Table IV . No death or endophthalmitis induced by injection occurred during the study period. One case of inflammation other than endophthalmitis was encountered in each group treated with aflibercept or ranibizumab. The rate of patients with serious adverse events was identical (25%, 10 in 40 eyes) in the two treatment groups. The adverse events that occurred at higher rates, e.g., gastrointestinal (9 for aflibercept and 7 for ranibizumab) or renal events (6 for aflibercept and 5 for ranibizumab), were similar among the two treatment groups, and no significant difference was identified. The rates of vascular events (determined according to the Anti-platelet Trialists' Collaboration definition), including non-fatal myocardial infarction and non-fatal stroke were reported in a previous study (16) , were similar between the two treatment groups, and no significant difference was identified.
Effects of aflibercept or ranibizumab on inflammatory factors in aqueous humor of patients with wet AMD. The concentrations of TGF-β1, MCP-1 and IL-6 in aqueous humor samples from patients with wet AMD treated with aflibercept or ranibizumab were identified by using ELISA (Fig. 3) . The mean concentrations of TGF-β1, MCP-1 and IL-6 all decreased significantly in the two treatment groups over the 1-year period (P<0.05; Fig. 3A1-C1 ). TGF-β1 decreased by 62.7% in the aflibercept group and by 58.7% in the ranibizumab group. MCP-1 was decreased by 38.8% Values are expressed as n (%) or the mean ± standard deviation. VAS, visual acuity letter score.
in the aflibercept group and by 36.4% in the ranibizumab group. Furthermore, IL-6 was decreased by 42.0% in the aflibercept group and by 38.1% in the ranibizumab group. The decline of TGF-β1, MCP-1 and IL-6 levels after drug injection was more noticeable when the initial VAS of the patients was <69 compared with that in the subgroup with a VAS of ≥69 (Fig. 3A2-C2 ). A correlation analysis was then performed to determine the correlation between inflammatory factors and the mean change of VAS and CST in patients with wet AMD treated with aflibercept or ranibizumab. Negative correlations were identified between the levels of TGF-β1, MCP-1 or IL-6 and the mean change of VAS if the initial VAS was <69 (Fig. 4A and B) . Furthermore, a positive correlation between the levels of TGF-β1, MCP-1 and IL-6 and the mean change of CST was observed when the initial VAS of the patients was <69 (Fig. 4C and D) . However, while the levels of TGF-β1, MCP-1 and IL-6 were negatively correlated with the mean change of VAS when the initial VAS of the patients was ≥69, the degree of the correlation was relatively low in comparison with that for the group of patients with an initial VAS of <69 (Fig. 5A and B) . In addition, the levels of TGF-β1, MCP-1 and IL-6 had no significant correlation with the mean change of CST when the initial VAS of the patients was ≥69 (Fig. 5C and D) .
Discussion
AMD, a retinal eye disease that affects aged individuals, is characterized by retrogression of RPE and the neural retina. The therapeutic strategies for wet AMD, including aflibercept or ranibizumab treatment (as recombinant humanized Values are expressed as n (%).
monoclonal antibodies inhibiting VEGF), which is a major regulator of normal and pathological angiogenesis, are focusing on reversing neovascularization (17) . In the present study, the treatment effects of aflibercept and ranibizumab on 80 patients with wet AMD patients, as evaluated via the VAS and the CST, as well as the correlation between these effects and the decrease of inflammatory factors, were assessed. At baseline, the VAS and CST were equal among the groups. When the initial VAS was ≥69, the median injection number was 10 in each group. During the one-year treatment period, aflibercept was more effective in treating wet AMD than ranibizumab based on the improvement in VAS and CST. When the initial VAS was <69, the effect of aflibercept on the improvement of VAS and the decrease of CST was more significant than that of ranibizumab. The visual acuity improvement was mostly in the scope of ≥15 letter scores in aflibercept-treated patients with wet AMD, while the improvement was mostly in the range of 10-15 letter scores in the ranibizumab group. While changes in VAS and CST were achieved by each of the two treatments, aflibercept was more effective than ranibizumab when the VAS at baseline was <69. By contrast, when the initial VAS was ≥69, no difference was identified between the effects of aflibercept and ranibizumab on VAS and CST. However, the average changes in VAS and CST were not significantly different between the aflibercept and ranibizumab treatment groups. Hence, in patients with a VAS of <69, aflibercept should be prescribed.
The safety of the two drugs aflibercept and ranibizumab was monitored during the present clinical study. Apart from the common medical history inquiry, blood routine examination was performed in the present study in order to exclude recent infections and the possibility that general infection affects the results. Mortalities and endophthalmitis did not occur in the present study. The incidence of adverse events, including serious adverse events, e.g., gastrointestinal, renal or vascular events, was similar between the aflibercept and ranibizumab groups. It may be concluded that aflibercept and ranibizumab are safe and effective reagents for improving VAS and decreasing CST in patients with wet AMD. When the initial VAS was low (<96), the effect of aflibercept on improving the VAS was slightly better than that of ranibizumab. By contrast, when the initial VAS was high (≥96), the effect of aflibercept and ranibizumab was similar.
Previous studies have indicated that complement cascades and immunological mechanisms mediating inflammatory reactions are critical elements in the initiation and development of wet AMD (18, 19) . Wet AMD is a type of continuous low chronic inflammatory disease, in which the blood-retinal barrier breakdown and release of inflammatory factors are induced by regional tissue damage (20) . To further elucidate the mechanisms by which aflibercept and ranibizumab restore eyesight in patients with wet AMD, particularly in terms of changes of inflammatory factors, the present study determined the concentrations of characteristic inflammatory cytokines.
The pathophysiology of AMD involves systemic and ocular inflammation (21) . Aflibercept and ranibizumab are recombinant humanized monoclonal antibodies that inactivate VEGF (22) . VEGF is a potent angiogenic factor, the overexpression of which is known to deteriorate AMD (23) . TGF-β1, a critical regulator in various physiological and pathological processes, stimulates endothelial cells to synthesize as well as secrete VEGF. CNV is the imbalance of angiogenic and anti-angiogenic factors within/among the choroid, RPE and retina. TGF-β1 induces VEGF secretion in choroid cells, and it may have a key role in CNV development in AMD (24) . Secreted by mononuclear cells, macrophages, lymphocytes and endothelial cells, MCP-1 is an important inflammatory factor that induces mononuclear cell migration and differentiation to macrophages in tissues (25) . VEGF may cause increases in the mRNA expression of MCP-1, which in turn participates in the development and infiltration of neovasculature. MCP-1 is known as a key factor to promote neovascular development, and it has important roles in regulating the migration and infiltration of mononuclear cells. The levels of MCP-1 in wet AMD are dependent on the degree of macular edema (26) . IL-6 is a multifunctional cytokine secreted by mononuclear cells, macrophages and lymphocytes, and it is a major inflammation-inducing factor in infection or the acute-phase response to injury. IL-6 is able to activate the production of antibodies, promote the generation of fibrinogens, and induce the expression of proteins as well as the accumulation of T lymphocytes in the acute phase of inflammation (27) . Hence, IL-6 may induce disorders of immune mechanisms and the autoimmune response. Furthermore, IL-6 may stimulate transformation factor 3 and promote CNV generation (28) . The present study indicated that the expression levels of TGF-β1, MCP-1 and IL-6 decreased significantly during one year of treatment with aflibercept or with ranibizumab (P<0.05). No significant difference between the 2 groups was identified. A correlation analysis for inflammatory factors (TGF-β1, MCP-1 or IL-6) and the improvement of VAS or the decrease of CST was performed. The results revealed a negative correlation between the levels of the inflammatory factors and the effect of aflibercept or ranibizumab treatment when the initial VAS of the patients was <69, suggesting that the relative treatment effect on AMD varied depending on the initial VAS. If the initial VAS was ≥69, there was no difference, and it may be recommended that, if the initial VAS is <69, aflibercept should be prescribed. In addition, this correlation was higher in the aflibercept group than that in the ranibizumab group. This suggested that aflibercept and ranibizumab alleviate wet AMD by inhibiting inflammatory factors, including TGF-β1, MCP-1 and IL-6, to improve the VAS and decrease the CST. The mechanism behind the actions of aflibercept and ranibizumab may need further corroborative studies. Taken together, the increase in VAS, reduction of CST and inhibition of inflammatory factors were more noticeable in the aflibercept treatment group than those in the ranibizumab treatment group. Therefore, the inhibition of inflammation may be a secondary effect of the treatment effect produced by aflibercept and ranibizumab, the primary effect should be assessed in future studies.
In addition, in the previous SCORE2 trial, the effect of bevacizumab and aflibercept in treating macula edema was compared (29) . After 6 months of treatment, it was indicated that intravitreal bevacizumab was not inferior to aflibercept with regard to its ability to improve the VAS. However, the present study compared the effect of aflibercept and ranibizumab and in addition, the association between pro-inflammatory cytokines, and the VAS and CST of patients with AMD was assessed. The results indicated that the treatment effect on AMD of aflibercept was better than that of ranibizumab. Taken together, the present study may provide references for deciding on the treatment strategy for AMD.
In conclusion, the present study suggested that aflibercept and ranibizumab improved the VAS and decreased the CST of patients with wet AMD. The drug treatment outcome was dependent on the patients' initial VAS. Aflibercept was only better than that of ranibizumab if the initial VAS was <69, while the effect was similar for VAS ≥69. Therefore, the initial VAS can be used to guide the treatment decision between aflibercept and ranibizumab, which appears to be a novel finding of the current study. Aflibercept and ranibizumab alleviated wet AMD by inhibiting the expression of TGF-β1, MCP-1 and IL-6. The inhibition of inflammation may be a secondary effect produced by aflibercept and ranibizumab, the primary effect should be assessed in future studies. Thus, the present study provides evidence for the effect of aflibercept and ranibizumab in treating wet AMD.
